Abstract A simple, rapid, selective and reproducible reversed-phase high performance liquid chromatographic (RP-HPLC) method has been developed and validated for the estimation of release of Candesartan cilexetil (CC) in tablets. Analysis was performed on an Agilent, Zorbax C 8 column (150 mm · 4.6 mm, 5 lm) with the mobile phase consisting of phosphate buffer (pH 2.5)-acetonitrile (15:85, v/v) at a flow rate of 1.0 mL/min. UV detection was performed at 215 nm and the retention time for CC was 2.2. The calibration curve was linear (correlation coefficient = 1.000) in the selected range of analyte. The optimized dissolution conditions include the USP apparatus 2 at a paddle rotation rate of 50 rpm and 900 mL of phosphate buffer (pH 7.2) with 0.03% of polysorbate 80 as dissolution medium, at 37.0 ± 0.5°C. The method was validated for precision, linearity, specificity, accuracy, limit of quantitation and ruggedness. The system suitability parameters, such as theoretical plate, tailing factor and relative standard deviation (RSD) between six standard replicates were well within the limits. The stability result shows that the drug is stable in the
Introduction
Candesartan cilexetil (CC) is a commercially available antihypertensive prodrug containing one chiral center at the cyclohexyloxycarbonyloxy ethyl ester group (Ross and Papademetriou, 2004) (Fig. 1) . In the gastrointestinal (GI) tract CC is rapidly absorbed and completely bioactivated by ester hydrolysis at the ester link, converted to active candesartan (McClellan and Goa, 1998 ). An important clinical application of CC is an angiotensin receptor blocker with insurmountable binding properties to the angiotensin-1 receptor, long duration of action and improved efficacy (Joost et al., 2011) . Furthermore, it is a white to off-white crystalline powder with a molecular mass of 61 kDa. The solubility nature in benzyl alcohol is 0.3 M, and is insoluble in water (<8 · 10 -8 M). The partition coefficient (C octanol /C aqueous ) at pH 1.1, 6.9 and 8.9 is >1000 indicating high hydrophobicity character (ATACAND Ò ). It has a pK a value of 6.0 (Cagigal et al., 2001) .
Analytical method validation is a process to confirm that the analytical procedure employed for a specific test is suitable for its intended use. Food and Drugs Administration (FDA) regulations such as Good Manufacturing Practice (GMP), Good Laboratories Practice (GLP), Good Clinical Practice (GCP) and quality standards such as International Organization for Standardization (ISO17025) require analytical methods to be validated before and during routine use (Physicians' Desk Reference Ò , 2009). Method validation is defined as the process of proving through scientific studies that an analytical method is acceptable for its intended use. USP provides regulatory guidance for method validation (FDA, 2000) and recent guidelines for methods development and validation for new non-compendial test methods are provided by the FDA draft document (USP 25-NF 20, 2002) .
Developing dissolution methods for poorly soluble compounds has been a consistent challenge for the pharmaceutical scientist. Because of inherently slow dissolution, poorly soluble compounds are good candidates for developing in vitro and in vivo correlations (IVIVCs) if intestinal permeability is high and drug dissolution is the controlling mechanism for the release of drug from the dosage form (ICH, 2000) . Drug absorption from a dosage form after oral administration depends on the release of the drug from the pharmaceutical formulation, the dissolution and/or its solubilization under physiological conditions and the permeability across the gastrointestinal tract. Because of the critical nature of the first two of these steps in vitro dissolution may be relevant to the prediction of in vivo performance (Amidon et al., 1995; Emami, 2006) .
Over the past decade several published literatures reported that there is no validated method for dissolution and moreover no official monograph was available for CC. Parameters to set up the dissolution test should be researched and defined for the drugs that do not possess official monographs (Emami, 2006) . Importantly, the present work describes the development and validation of an accurate and reliable RP-HPLC method for the estimation of CC release in solid dosage form. The best dissolution conditions were used to evaluate the development and validation of a dissolution method and this method was used to evaluate the dissolution profile of three different batches of tablets.
Experimental

Chemicals and reagents
The pure drug CC was obtained as a free gift sample from Caplin point laboratories limited, Puducherry, India. Acetonitrile was purchased from Merck (India) Ltd. Sodium dihydrogen orthophosphate, phosphoric acid, potassium dihydrogen orthophosphate, polysorbate 80 and sodium hydroxide were procured from SD fine chemicals, Bangalore, India. All other reagents used were of analytical grade.
Instruments
USP type 2 rotating paddle apparatus (Electrolab, TDT-08L) was used to study the drug dissolution profile. The dissolution medium was deaerated by vacuum filtration and the temperature maintained at 37.0 ± 0.5°C throughout the study. Drug release estimation was performed using RP-HPLC equipped with agilent 1200 series quaternary pump (DE62974693) with a variable wavelength detector (DE71367145) at 215 nm and the pH of all solutions were determined by Hanna pH analyzer (microprocessor pH 211).
Method
Determination of solubility and dissolution optimization
Candesartan cilexetil solubility was determined using 900 mL of purified water, 0.1 N hydrochloric acid, acetate buffer (pH 1.2-2.2) and phosphate buffer (pH 4.5-7.2) with an amount of drug equivalent to three times of the dose in the pharmaceutical formulation (US Pharmacopoeia, 2007) . Drug release was carried out as per USP dissolution general Figure 1 Chemical structure of Candesartan cilexetil.
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specification at 50 rpm. Sampling aliquots of 10 mL were withdrawn at pre-determined time intervals (15, 30, 45 and 60 min) , and replaced with an equal volume of dissolution medium to maintain a constant total volume of 900 mL. To assess the stability of CC in dissolution medium, samples were diluted by phosphate buffer (pH 7.2) with 0.03% polysorbate 80. The prepared solutions kept at different conditions, such as room temperature and at 37.0 ± 0.5°C for 24 and 2 h, respectively. The stability of these solutions was studied by comparing the values obtained with freshly prepared sample solutions.
Analytical method validation
RP-HPLC method was used to analyze the CC samples in phosphate buffer (pH 7.2). Validation was carried out for precision, linearity, specificity, accuracy, limit of quantitation and ruggedness according to US Pharmacopoeia (FDA, 1997) and International Conference on Harmonization (ICH) guideline (ICH (Q2R1), 2007). An isocratic HPLC analysis was performed on Agilent, Zorbax C 8 (150 · 4.6 mm, 5 lm) column maintained at ambient condition. Chromatographic separation was achieved with the mobile phase ratio of 15:85 (v/v) mixture of phosphate buffer (pH 2.5) and acetonitrile at a flow rate of 1.0 mL/min. Injection volume was 20 lL and the liquid chromatograph was equipped with variable wavelength detector at 215 nm.
Evaluation of system suitability
Twenty microliters of standard solution was injected in triplicate before and after the analysis and the chromatograms were recorded. System suitability parameters like theoretical plate, tailing factor were also recorded. RSD of six replicates of standard was also taken. The column efficiency as determined from the active peak is not less than 6000 USP theoretical plates. USP tailing factor for the same peak is not more than 2.0 and RSD of six replicates of the standard solution is not more than 2.0%.
Results and discussion
Optimization of dissolution test conditions
The accomplishment of dissolution profile is recommended as a support in the development and optimization of drug formulation as well as in the establishment of in vitro/in vivo correlation. When dissolution test is not defined or if the monograph is not available, comparison of drug dissolution profiles is recommended on three different dissolution mediums (pH 1-7.5).
In vitro dissolution was used to perform the release rate of drug products and to assure the quality of solid dosage forms by the pharmaceutical industry and regulatory agencies (ICH (Q2R1), 2007). The sink conditions are determined and expressed as a percentage of drug released. Purified water, 0.1 N hydrochloric acid, acetate buffer (pH 1.2-2.2) and phosphate buffer (pH 4.5-7.2) were used as dissolution medium and selected on the basis of solubility and screening study. From the above study the phosphate buffer (pH 7.2) provided highest drug release profile with greater stability, ensured excellent sink conditions and was selected as the best dissolution medium. The drug release profiles are shown in Fig. 2 . Based on the solubility and screening study, phosphate buffer (pH 7.2), was selected as the dissolution medium and USP type 2 rotating paddle apparatus at 50 rpm as an instrument. In these conditions, typical acceptance criteria for the amount of drug dissolved were in the range of 65-83%. In the present study, the percentage of drug released for all three different products were >80% in 60 min (Fig. 3 ) and the suggested acceptance criteria can be 75 (Q) in 60 min. The stability test indicated that CC is stable in the dissolution medium at room temperature and at 37.0 ± 0.5°C for 24 and 2 h, respectively. The results obtained from the initial and final response factors were within the acceptable range and not much difference between the stability and freshly prepared solutions.
Analytical method validation
In the current study, RP-HPLC method was used to determine the percentage drug release. HPLC is used to separate, identify and determine the concentration of a specific component in a mixture, moreover that this method is very fast, reproducible and easy to operate (Pharmacopoeial Forum, 2004) . The developed method was validated to meet the requirements for a global regulatory filing. The validation parameters such Figure 2 The cumulative release curves of Candesartan cilexetil from tablets at different medium.
Figure 3
In vitro release profile (n = 6) of three batches of Candesartan cilexetil tablet.
Development and validation of a dissolution test with reversed-phase high performance liquid S869
as precision, linearity, specificity, accuracy, limit of quantitation and ruggedness were carried out in accordance with ICH and US Pharmacopoeia guidelines.
Linearity
The linearity of CC response is evaluated from the range of 2.0-20.0 mcg/mL and showed a good correlation coefficient (r 2 ) = 1.0. To validate linearity, the standard curve of CC was constructed by plotting concentration (mcg/mL) versus area response (mAU) which is shown in Fig. 4 . The linear regression and slope were calculated and are shown in Tables 1-3.
Specificity
Specificity is carried out with placebo solution and compared with the standard preparation. The drug release of CC in the dissolution medium was measured at 215 nm and the run time was extended up to 30 min. Two peaks were observed in the chromatogram, the major and minor peaks retention time was 2.2 and 1.3, respectively. The primary peak was due to polysorbate 80 and was confirmed by correlating with the blank peak. The main peak was well separated from the blank peak and the resolution between these two peaks was more than 2 (Fig. 5 ). There were no other additional peaks observed which indicate no interferences by excipients and thus demonstrating that the proposed method is specific for the analysis of CC.
Precision
The precision of an analytical procedure expresses the closeness of the agreement (degree of scatter) between a series of Figure 4 Linearity graph of candesartan cilexetil. measurements obtained from the multiple samples of the same homogeneous sample under the prescribed conditions. Repeatability is a measure of the precision under the same operating conditions over a short interval of time and it is also known as intra assay precision. A minimum six determinations at 100% of the standard concentration were tested to find out the average, standard deviation and related standard deviation, and all the calculated parameters were well within the prescribed limit. Intra-day precision and intermediate precision were done for ensuring the robustness of the method. The related standard deviation (RSD) of both the tests was well within the desirable limit of NMT 1.8% which is clearly indicated that the developed method is robust. Intraday and intermediate precision results are shown in Table 4 .
Accuracy
The accuracy of an analytical procedure is the closeness of agreement between the values that are accepted either as conventional true values or an accepted reference value. Accuracy is usually reported as percent recovery by an assay using the proposed analytical procedure of known amount of analyte added to the sample. The ICH also recommended assessing a minimum of three determinations over a minimum of three concentration levels covering the specified range. The common method of determining accuracy is to apply the analytical procedure to the drug substance and to be quantitated against the reference standard of known purity. The range for the accuracy limit should be within the linear range. Typical accuracy of the recovery of the drug substance in the mixture is expected to be about 98-102%. Values of accuracy of the recovery data beyond this range are to be investigated. The precision concentration was 10 mcg/mL, hence the linearity range was selected from 7 to 14 mcg/mL. The known concentration of (20%, 40%, 60%, 80% and 100%) were added to the standard preparation (7 mcg/mL). The percentage recoveries obtained were considered under the acceptable range as per the ICH guidelines (Table 5) .
Limit of quantitation
Limit of quantitation (LOQ) is the lowest amount of analyte in a sample that can be determined with acceptable precision and accuracy under stated experimental conditions. The quantitation limit is expressed as the concentration of analyte in the sample. The standard deviation and related standard deviation for the limit of quantitation were 15,686.2 and 1.1067%, respectively, which was well within the desirable limit of not more than 2.0%. The lowest quantifiable concentration was 1 mcg/mL and this parameter can be used for predicting the drug release in low dose formulation.
Ruggedness
Intraday and intermediate precision were determined by analyzing the solutions by two different analysts, using different instruments, using multiple lots of column, in two different labs and on different days. The percentage RSD obtained under different conditions was below 2%. Table 4 represents the intermediate and intraday precision.
System suitability
System suitability is an important parameter to ensure whether the used method was valid or not. The limit of theoretical plates and tailing factor was fixed as not less than 6000 and not more than 2, respectively. All the chromatograms theoretical plates were above 6000 and the tailing factor was less than 1. RSD results from six replicates showed adherence to the limits. The above results indicated that the developed method is valid and can be used for routine lab analysis.
Conclusion
The simple, sensitive and inexpensive isocratic RP-HPLC method was developed to determine the percentage drug release of CC tablets. The dissolution study showed that CC has good stability and the percentage drug released was satisfactory for all the evaluated batches from the formulation. The validation results show that the method is specific, accurate, linear, precise, rugged and robust. The run time is relatively short (5.0 min) which enables rapid quantification of many samples in routine analysis. Therefore this method is proposed for the quality control studies of CC modified and conventional pharmaceutical dosage forms contributing to assure the therapeutic efficacy of the drug. 
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